A circular antibody-antigen complex is responsible for increased affinity shown by mixtures of monoclonal antibodies to human chorionic gonadotropin.
Mixtures of some pairs of monoclonal antibodies that have separate epitopes on the beta-subunit of hCG have increased affinity for the hormone relative to that of either antibody alone. A mathematical model developed to explain the phenomenon predicted that a circular tetrameric complex composed of each antibody and two molecules of hCG was responsible for the effect. This structure has now been identified experimentally by the following criteria: 1) the m.w. of the complex observed by electrophoresis (370,000 g/mol) and gel filtration (440,000 g/mol) was in agreement with the m.w. expected for a tetramer composed of two molecules of antibody and two molecules of hCG (i.e., 376,000 g/mol); 2) the ratio of individual antibodies to hCG measured with the use of 131I and 125I-labeled antibodies and/or hCG was 1:1:2; and 3) the complex failed to adhere to affinity columns containing either antibodies or hCG covalently coupled to Sepharose. These columns adsorbed B101, B102, hCG, and mixtures of B101 plus hCG or B102 plus hCG. The observations made with the affinity resins are compatible with a circular model for antigen-antibody complex in which the epitopes of the antigen and the binding site of the antibodies were mutually and completely obscured. Although not studied in detail, a similar complex was formed when the beta-subunit of hCG was substituted for the intact hormone. In addition, a mixture of antibodies that bound to the alpha- and beta-subunits of hCG (i.e., A102 and B102) and that had a higher affinity for the hormone than either antibody also gave rise to a similar species that could be detected after electrophoresis. A pair of antibodies that bind to separate epitopes on the beta-subunit (i.e., B101 and B103) and do not show enhanced affinity for hCG failed to form a stable complex that could be identified as a separate species after electrophoresis. Thus, the studies reported here confirm earlier theoretical predictions linking the increase in affinity observed on mixing monoclonal antibodies to the formation of a circular complex.